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(54) Thin gold alloy wire for bonding 

(57) There are provided a thin gold alloy wire for 
semiconductor chip bonding which is extremely useful 
in reducing the size of a semiconductor device and at- 
taining a higher density, as well as a method for manu- 
facturing the* same. The thin gold alloy wire essentially 
consists of the invention's predetermined amounts of el- 
ements selected from Pt, Pd, Be, Ge, Ca, La, Y and Eu 
and the balance being Au and incidental impurity and 
has an elongation of 3% to 8% and a Young's modulus 
of 6,800 to 9,000 kgf/mm 2 . Since the thin wire is high in 
strength in spite of a small diameter, the occurrence of 



wire breaking during wiring and use is diminished and 
the deterioration of bonding strength after standing at a 
high temperature is reduced, so it is possible to sup- 
press the breaking of the wire under vibration. By cool- 
ing a molten gold alloy 1 of the composition according 
to the invention within a crucible from the lower end to- 
ward the upper end of the crucible it is made possible 
to obtain positively and relatively easily a thin gold alloy 
wire having the aforesaid alloy composition and having 
an elongation of 3% to 8% and a Young's modulus of 
6,800 to 9,000 kgf/mm 2 . 
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Description 

BACKGROUND OF THE INVENTION 

nf J h ? P f reS , ent ; nvention re f* s to * thin 9° ,d a,, °y "ire for bonding which is to be used for the wiring (connection) 
of an electrode of a semiconductor ch.p and an outer lead and more particularly to a thin gold alloy wire for semicon- 
ductor chip bonding which is useful for a high-density mounting of a semiconductor device, as well as a method for 
manufacturing the same. 

Heretofore, for the wiring of an electrode of a semiconductor chip and an outer lead, there has been used a thin 
gold alloy wire comprising gold of a high purity and 1 to 100 wt ppm of trace elements and having a diameter of 25 to 

bU JJJTI. 

i.° r J he K W |['K 9 °l a semi f nductor ch| P and an °"ter 'ead by using such a thin wire, there usually is adopted what 

™ k \ I T I 9 k T r6in ,r0nt Snd ° f the thin Wire is heated melted ^ electric discharge to 
1S h J* ?!" , S ' S com P ression - b °nded to an electrode of the semiconductor chip to effect connection of 

'* the tnm wire and the electrode. 

However, with the recent trend to further reduction in size and higher density of a semiconductor device, thenumber 
o electrodes of a semiconductor chip increases and hence it is required to decrease the electrode area. But in the 
aforesaid ball bond.ng method the ball diameter (twice or so as large as the thin wire diameter) is propcrtional to the 
th.n wire diameter, so a limit is encountered in decreasing the electrode area to increase the number of electrodes 
For solvmg this problem, if the thin wire diameter is merely made smaller than in the prior art so as to reduce the 
Ik T n f ° f thi " ™ e Wi " bS deteriorated d "e to the reduced wire diameter, thus resulting in increase 

in the percentage breaking of the wire to an impracticable extent during wiring and during use of the semiconductor 
device concerned. 

In view of the above point, in Japanese Patent Laid Open No. 3 10557/1 994, there is proposed a thin wire using a 
so-called dad material which comprises an Au alloy as a core and a coating metal, the coating metal being Au or an 
Au alloy of a lower alloy components content than the core. According to the unexamined publication, such thin wire 
can be enhanced its strength even at a wire diameter of 1 0 to 20 pm 

However the thin wire clad with materials of different qualities involves a problem of deterioration in characteristics 
30 c oTso* deten0rat,0n b ° nd,ng S,ren9th> after ,e,t s1andin 9 t°r * long time in a high temperature condition of 200° 

m ^^^llL^ With 3 Vi6W l ° meetin9 the fore 9°in9 requirement it is disclosed in Japanese Patent LaidOpen 
No. 112251/1 994 that by .ncorporating Pd and Pt in Au in an amount of up to 5 wt% it is made possible to not only attain 
a h,gher strength of the resulting thin gold alloy wire but also keep low the deterioration in bonding strength after left 
standing for a long time in a high temperature condition of 200 0 C or so 

In the case of using such thin wire as a bonding wire, it is effective in enhancing the strength and suppressing the 
deterioration in bonding strength between a ball and a semiconductor chip electrode after left standing tor a lonq time 
in a high temperature condition, as mentioned above. However, although the alloy of the above composition is a hiqh 
vibraton °* Pr ° blem ^ ^ perCenta9e breakin 9 of the wire is hi 9h when the wire is subjected to 

th Th !i S ' \? Wiri09 a " electrode of a semiconductor chip such as an IC chip for example and an outer lead through a 
h.n gold alloy wire, and when the area of the semiconductor chip electrode becomes smaller to cope with the recent 
trend to the reduction in size and enhancement of density of a semiconductor device, it is necessary to decrease the 

diameter of the thin-gold alloy wire. 

It is an object of the present invention to provide a thin gold alloy wire for semiconductor chip bonding having a 
high strength m spite of a smaller diameter than in the prior art, capable of decreasing the percentage breaking during 
wiring and during use capable of keeping low the deterioration in bonding strength between a ball and a semiconductor 
chip electrode after left standing for a long time in a high temperature condition, capable of suppressing the breaking 
of the wire when subjected to vibration, and extremely useful in reducing the size of a semiconductor device and 
attaining a higher density of the same device, as well as a method for manufacturing such a thin gold alloy wire 

Having made studies earnestly, the inventors of the present invention found out that a method involving incorpo- 
rating Pd, Pt, etc. in predetermined amounts into Au including incidental impurity to afford a specific alloy composition 
melting and casing the gold alloy, and subjecting the resulting ingot to rolling, drawing and annealing into a gold alloy 
wire having an elongation of 3% to 8% after the annealing and also having a high Young's modulus, is effective in 
solving the foregoing problems. Further, the inventors of the present invention found out that by suppressing in the 
above specific alloy composition the formation of a chilled layer in the ingot during casting and by subjecting the ingot 
to rolling, drawing and annealing there can be obtained a thin gold alloy wire having an elongation of 3% to 8% after 
the anneal.ng which is required for the ordinary thin gold alloy wire for bonding and nonetheless having a high Young's 
modulus. In this way we accomplished the present invention. 
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SUMMARY OF THE INVENTION 

More particularly, the thin gold alloy wire for semiconductor chip bonding according to the present invention is 
characterized by consisting essentially of from at least one of Pt and Pd in an amount of 0.1 to 2.2 wt% and at least 
one of Be, Ge ( Ca, La, Y and Eu in an amount of 0.0001 to 0.005 wt% and the balance being Au and incidental impurity 
and having an elongation of 3% to 8% and a Young's modulus of 6,800 to 9,000 kgf/mm2. 

The method for manufacturing such thin gold alloy wire for semiconductor chip bonding according to the present 
invention comprises melting and casinG a gold alloy which essentially consists of from at least one of Pt and Pd in an 
amount of 0.1 to 2.2 wt%, at least one of Be, Ge, Ca, La, Y and Eu in an amount of 0.0001 to 0.005 wt% and the 
balance being Au and incidental impurity and subjecting the resulting ingot to rough machining, drawing and annealing 
to afford a thin gold alloy wire having an elongation of 3% to 8% and a Young's modulus of 6,800 to 3,000 kgf/mm 2 . 
This method is characterized in that in the melting and casting process the molten gold alloy is cooled within a crucible 
from the lower end toward the upper end of the crucible. 

15 BRIEF DESCRIPTION OF THE DRAWING 

Fig. 1 is a schematic diagram showing an example of a method for obtaining an ingot of a thin gold alloy wire for 
bonding according to the present invention; and 

Fig. 2 is a schematic diagram showing a conventional method for obtaining an ingot of a thin gold alloy wire for 
20 bonding. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
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The present invention will be described in detail hereinunder. 

It is necessary that the thin gold alloy wire for semiconductor chip bonding of the present invention consisting 
essentially of from at least one of Pt and Pd in the amount specified above, at least one of Be, Ge, Ca, La, Y and Eu 
in the foregoing amount and the balance being Au and incidental impurity and have an elongation of 3% to 8% and a 
Young's modulus of 6,800 to 9,000 kgf/mm 2 . 

By using at least one of Pt and Pd and at least one of Be, Ge, Ca, La, Y and Eu in the respective amounts specified 
above, the resulting synergistic effect of the two not only improves the breaking strength of the thin gold alloy wire but 
also makes it possible to suppress the deterioration in bonding strength between a ball and a semiconductor chip 
electrode after left standing for a long time in a high temperature condition. 

It is presumed that the deterioration of bonding strength is suppressed because an interdiffusion of the gold alloy 
which constitutes the ball and Al of the semiconductor chip electrode is performed to a moderate extent. 

If at least one of Pd and Pt is contained in an amount exceeding 2.2 wt%, not only the semiconductor chip is apt 
to be cracked but also the percentage breaking under vibration becomes high. And if the content of at least one of Pd 
and Pt is lower than 0. 1 wt%, there will be obtained neither the high breaking strength of 20 kgfAnm 2 or more as in the 
present invention nor the foregoing bonding strength after left standing for a long time in a high temperature condition. 
For this reason it is necessary that at least one of Pd and Pt be contained in an amount in the range from 0. 1 to 2.2 wt%. 

If at least one of Be, Ge, Ca, La, Y and Eu, which is added in addition to the aforesaid amount of Pd and/or Pt, is 
contained in an amount exceeding 0.005 wt%, the semiconductor chip becomes more likely to be cracked at the time 
of ball bonding. And if the content of at least one of Be, Ge, Ca, La, Y and Eu is lower than 0.0001 wt%, such a high 
breaking strength of 20 kgf/mm 2 as in the present invention will not be attained. 

Therefore, it is necessary that at least one of Be, Ge, Ca, La, Y and Eu be contained in an amount of 0 0001 to 
45 0.005 wt% in addition to the foregoing amount of Pd and/or Pt. 

The following description is now provided about a manufacturing process for obtaining a thin gold alloy wire of the 
foregoing composition and having an elongation of 3% to 8% and a high Young's modulus. 

An outline of the manufacturing process will first be given. Ingot which has been obtained by melting and casing 
a gold alloy of a composition falling under the scope of the invention is subjected to a rough machining such as rolling 
with grooved rolls for example, followed by drawing preferably to a diameter of 3 to 24 um and annealing to an elonqation 
of 3% to 8%, afford a thin gold alloy wire. 

In obtaining the ingot by melting and casing a gold alloy of a composition falling under the scope of the invention, 
the formation of a chilled layer in the ingot is prevented, and by using the ingot as the starting material there can be 
obtained a thin gold alloy wire having an elongation of 3% to 8% after annealing and yet having a high Young's modulus. 
By virtue of a synergistic effect of the above alloy composition and high Young's modulus there is attained an excellent 
anti-vibration effect which is to be achieved in the invention. 

With reference to Fig. 1, description is-now directed to an example of a method for obtaining an ingot with sup- 
pressed formation of a chilled layer by melting and casting a gold alloy of a composition falling under the composition 
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starting mated* whereby a thin gold alloy ™ re "™™"!°„„ n , 1 ,.| V „<, that relatively easily. 
?3%?o 8% ana a wgh vounff. aaal^aa caa w obta^«^ 

^«loe»i»noi»t>emad.,o F ^^^ 

in the arrowed direction. Drod uction of a thin gold alloy wire for bonding, there has usually 

Heretofore, as an ingot makmg method in he pr oducten , oia a ra te and hence affords a h.gh 

been adopted the continuous casting method of Rg. 2r wh ^ e ^JJ amp[e „ use d as the material of the mold 
nroducth/tty According to this conventional method graph te " '° SQ d P oi sjnce tne molten gold alloy 1 is 

^molten gold Jloy is solidified at a rate £300 , «nj n ^ and therefore the subseq uent 

cooled forcibly by the mold 5, there is formed a billed layer «™ » fter annea , in g. 

Swing work does not afford a thin gold alloy wire method ^ having a chilled layer-free 

Even when an ingot obtained * *• wo k will not afford a thin gold alloy wire of ah* 

rreatment to an elongation of 3% to 8% like the ordinal, ™ ' 8% alMr aim , a |», 9 . 

Wmouqh the elongation before annealing re 1% to 2%. « '""^J?." as nat «| abo»a rrom the gold .Hoy ol 
£2? booing « "-"X 2E££-"« - — 9 *» * ** "* 

Usually a thin gold alloy wire for bond.ng is used after anneahngn a a ^ Young . s mQdulus |8 

^nCC^e.o^^ 

9 000 kgSton* For rhis reason rh. Young's r"**™;^ is subieoted to annealing to an elongation 
E».nafl.rth.goldalloybompo.,l,onaooo^ 

Ul ' K u:.u v„, lrt «' e mnriulus even 
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The present invention will be described below in more detail by way of working example. 
(Example 1) 

s A predetermined amount of alloy elements were added to a high-purity gold of 99.99 wt% or higher in purity, then 

after high-frequency melting within the cylindrical graphite crucible 1 illustrated in Fig. 1 , the high-frequency heating 
coil 3 was moved from the lower end toward the upper end of the graphite crucible 2 at a rate of 50 mmAnin, allowing 
the molten gold alloy 1 to solidify into ingot within the graphite crucible 2. The ingot was found to have no chilled layer. 
The ingot was then subjected to rolling with grooved rolls, subsequent drawing into a diameter of 20 ujti, and 

10 annealing to an elongation of 4%, to give a thin gold alloy wire whose alloy composition is shown in Table 1 , namely 
0.1% by weight of Pd, 0.0005% by weight of Be and the balance being Au and incidental impurity. Young's modulus 
of the thin wire was 6,800 kgf/mm 2 as shown in Table 2. 

The thin wire was then determined for breaking strength, percent rupture of a bonded portion after left standing at 
200 0 C for 2,000 hours, percent breaking of the wire under vibration, and IC chip cracking in bonding, the results of 

is which are as set forth in Table 3. The measurements were conducted in the following manner. 

(Breaking Strength) 

A tension test was conducted at a gauge length of 100 mm and at a pulling rate of 10 mm/min. 

20 

(Percent Rupture of Bonded Portion) 

The thin gold alloy wire produced as above was ball-bonded onto a thin aluminum film of 0.8 urn in thickness as 
a semiconductor chip electrode and then left standing at 200° C for 2,000 hours. Subsequently there was conducted 
25 a so-called pulling test wherein the semiconductor chip portion was fixed and the wire portion was pulled, and a check 
was made to see in which of the bonded portion and the thin gold alloy portion there occurred breakage. The test was 
performed for 100 samples and the number of samples each ruptured in the bonded portion was used as the percent 
rupture of the bonded portion. 

30 (Percent Breaking under Vibration) 

Five bonded samples were prepared each by bonding an IC chip electrode and a 200-pin frame using an automatic 
high-speed bonder. The samples were then put into a cassette, which in turn was fixed to a vibration tester and vibrated 
1 hour at a frequency of 50 Hz and a gravitational acceleration of 2.5G. Thereafter, the bonded portions were each 
35 checked for breaking by means of an optical microscope, and the percentage of the number of broken wires was used 
as the percent breaking under vibration. 

(IC Chip Cracking) 

40 The foregoing thin gold alloy wire was bonded to an IC chip electrode using an automatic high-speed bonder, and 

the thus-bonded sample was then observed with an optical microscope to check whether there was any cracking of 
the IC chip. 

(Examples 2-18 and Comparative Examples 1 - 5) 

45 

Tests were conducted in the same way as in Example 1 except that there were used such the tin Au alloy wire 
composition, ingot cooling speeds, thin wire diameters, and elongations and Young's moduli, as shown in Tables 1 and 
2. The results of the tests are as set out in Table 3. 

50 (Comparative Examples 6 - 11 ) 

Tests were conducted in the same way as in Example 1 except that there were used the tin Au alloy wire composition 
and Young's moduli as shown in Tables 1 and 2 and that ingots were produced by the conventional continuous casting 
method at a pulling rate of 300 mm/min using a graphite mold which was cooled by contact therewith of a water-cooling 
55 pipe, in place of the intra-crucible solidifying method involving melting and solidifying gold alloys within a graphite 
crucible. The pulling rate was shown as the solidifying rate in Table 2. Chilled layers were formed in the ingots. 
The results of the tests are as set out in Table 3. 
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Example 



How to Manufacture 



Composition ( ppm by weight) 



Pd 



Pt 



Be 



1 

2 
3 
4 
5 



0.1 X 10 4 
1.0 X10 4 
2.2 X 10 4 



0.1 X 10 4 
1.0 X 10 4 



5 
5 
5 
5 
5 



6 
7 
8 
9 
10 



1.0 X 10 4 
1.0 X 10 4 
1.0 X 10 4 
1.0 X 10 4 



2.2 X 10 4 

1.0 x 10 4 



Ge Ca 



11 I 1.0 X 10 4 

12 10 X 10 4 

13 1.0 X 10 4 

14 1.0 X 10 4 

15 I 1.0 X 10 4 



5 
5 
5 



16 
17 
18 



1.0 X 10 4 
1.0 X 10 4 
1.0 X 10 4 



40 



Comparative-Example 



1 

2 | 0.05 X 10 4 
3 

4 I 3.0 X 10 4 
5 



0.05 X 10 4 | 5 
5 

3.0 X 10 4 I 5 



6 
7 
8 
9 
10 
11 



0.1 X 10 4 
1.0 X 10 4 
2.2 X 10 4 



0.1 X 10 4 
1.0 X 10 4 
2.2 X 10 4 



20 



20 



La 



Eu 



Au 



balance 
balance 
balance 
balance 
balance 



20 



20 



20 



balance 
balance 
balance 
balance 
balance 



balance 
balance 
balance 
balance 
balance 



balance 
balance 
balance 



balance 
balance 
balance 
balance 
balance 

balance 
balance 
balance 
balance 
balance 
balance 
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Example 


How to Manufacture 
Ingot 


Thin Wire 
Diameter (u/n) 


Test R 

Elongation 

(%) 


esults 

Young's 
Modulus (kgf/ 
mm 2 ) 




Solidifying 
Method 


Solidifying 
Rate(mm/ 
min) 


Chilled Layer 








1 


Intra- 

crucible 

Solidifying 


50 


No 


20 


4 


6, 800 
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Table 2 (continued) 





Example 


How to Manufacture 


Test Results 


5 






Ingot 


I nin Wire 
Diameter (ujn) 


Elongation 

(%) 


Young's 
Modulus (kgf/ 
mm 2 ) 






Solidifying 
Method 


Solidifying 
Rate(mrrV 


Chilled Layer 








70 






min) 












2 


Intra- 

crucible 

Solidifying 


50 


No 


20 


4 


7, 800 


15 


3 


Intra- 

crucible 

Solidifying 


50 


No 


20 


4 


9, 000 




4 


intra- 

crucible 

Solidifying 


50 


No 


20 


4 


6, 800 


20 


5 


Intra- 

crucible 

Solidifying 


50 


No 


20 


4 


7, 700 


25 


6 


Intra- 
crucible 


50 


No 


20 


4 


9, 000 




Solidifying 














7 


Intra- 

crucible 

Solidifying 


50 


No 


20 


4 


8, 500 


30 


8 


Intra- 

crucible 

Solidifying 


50 


No 


20 


4 


7, 700 




9 


Intra- 
crucible 


50 


No 


20 


4 


7, 900 


35 




Solidifying 














10 


Intra- 

crucible 

Solidifying 


50 


No 


20 


4 


7, 300 


40 


11 


Intra- 

crucible 

Solidifying 


50 


No 


20 


4 


7, 400 




12 


Intra- 
crucible 


50 


No 


20 


4 


7, 800 


45 




Solidifying 












13 


Intra- 

crucible 

Solidifying 




(NO 


20 


4 


6, 800 


50 


14 


Intra- 
crucible 


10 


No 


20 


4 


8, 400 




Solidifying 














15 


Intra- 

crucible 

Solidifying 


50 


No 


15 


4 


7, 800 


55 


16 


Intra- 

crucible 

Solidifying 


50 


No 


24 


4 


7, 800 



7 

NSDOCID: <EP 0761831 A1_l_> 



EP 0 761 831 A1 

Table 2 (continued) 




so 



55 



Table 3 



Example 



Test Results 



Breaking Strength 
(kgt/mm 2 ) 



Percent Rupture of 
Bonded Portion 
after standing at 
200 °C (%) 




Percent Breaking 
under Vibration (%) 



IC Chip Cracking in 
Bonding 
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Table 3 (continued) 



Example 




Test Results 




Breaking Strength 


Percent Rupture of 


Percent Breaking 


IC Chip Cracking in 




fkaf/mm 2 ^ 


Bonded Portion 


under Vibration (%) 


Bonding 






after standing at 








200 °C (%) 






2 


25 


0 


0 


No 


3 


30 


0 


0 


No 


4 


22 


0 


0 


No 


5 


24 


0 


0 


No 


6 


32 


0 


0 


No 


7 


33 


0 


0 


No 


8 


24 


0 


0 


No 


9 


26 


0 


0 


No 


10 


23 


0 


0 


No 


11 


23 


0 


0 


No 


12 


26 


0 


0 


No 


13 


24 


0 


0 


No 


14 


28 


u 


0 


No 


15 


25 


u 


0 


No 


16 


24 


0 


0 


No 


17 


30 


0 


0 


No 


18 


21 


0 


0 


No 


Comparative- 










Example 










1 


14 


80 


0 


No ! 


2 


18 


40 


0 


No 


3 


18 


40 


0 


No 


4 


32 


0 


20 


Yes 


5 


33 


0 


20 


Yes 


6 


21 j 


0 


70 


No 


7 


23 


0 


50 


No 


8 


26 


0 


40 


No 


9 


22 


0 


60 


No 


10 


23 


0 


50 


No 


11 


25 


0 


- 40 


No 
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From the above test results it is seen that the thin gold alloy wires of Examples 1 to 18 each having an alloy 
composition falling under the scope of the present invention and having an elongation of 3 to 8 % and Young's modulus 
of 6,800 to 9,000 kgf/mm2 after annealing, even in spite of smaller diameters than in the prior art, exhibit effects equal 
or superior to the conventional thin gold alloy wires for bonding in all of breaking strength, percent rupture of bonded 
portion after left standing at a high temperature for a long time, percent breaking under vibration and IC chip cracking 
in bonding. Thus, it turned out that the subject of the present invention could be achieved. 

In contrast therewith, Comparative Examples 1 to 3 which are outside the scope of the present invention in point 
of alloy composition and Young's modulus are inferior to the above working Examples in point of breaking strength and 
bonding reliability after standing at a high temperature, and Comparative Examples 4 and 5 whose alloy compositions 
are outside the scope of the present invention even with Young's modulus falling under the scope of the invention are 
inferior to the above working Examples in point of percent breaking under vibration and IC chip cracking Further, 
Comparative Examples 6 to 11 whose Young's moduli are outside the scope of the present invention even with alloy 
compositions falling under the scope of the invention are inferior to the above working Examples in point of percent 
breaking under VI bration. Thus, it turned out that those comparative examples could not achieve the subject of the 
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present invention. CvaiYin | PS of the present invention and Comparative Examples 1 -5 it also 

From a comparison between the wortang J?££Suc We solidifying method and not hav.ng a chUted 

turned out that even when an ingot obta,ned J 1 *™ composition did not fall under the composrt on 

,ayer in its surface portion was used ^^^^iT^ooJfM afford a thin gold alloy wre of a h.gh 
specified in the present invention, a subsequent d«9j «ej8 o , ^ present inventlon . 

Young's modulus after annealing thus m*ngt£P o«b£ ° ^ ^ M and a comp arison between 
Further, from a comparison between Examples 13 ^^omp Examples of the present invention adopt.ng 

invention is of a novel construction obta.ned from an alloy «fP° s " ^ ba|ance being A d 

^determined amounts of e.ements selected tan PI. ^^ ta8 of 6 , 80 0 to 9,000 kgfW . Therefore 
incidental impurity and having an elongat.on of 3 to 8 /o and a Young s n therg ^ a predeter . 

STSST of aVergistic effect of both ^J^^^^^ during wiring and use even if the 
mined strength and hence it is poss.ble to decrease * e ~ c "^ stren ^ h between a ball and a senmconductor 

bonding even if the wire diameter is made smaller than thart ot me jconductor chip with reduced area and an 

gold alloy wire for semiconductor ch.p bonding^ ^ere.n a gold auoy « bejng Au gnd ^ tal 

Sned amounts of elements selected from Pt, ^^^Zien gold alloy is cooled by cooling with-n a 
30 impurity is used as the starting matenal and ,s me f^^^^^^ product, and the ingot ,s then 

SSS SSST^^ - * - - a,loy wire havin9 an e,on9aton of 3 

and a Young's modulus of 6,800 to 9,000 kgf/mm . ^ of a chi „ ed , aye r in the ingot during casting of the 
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